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Off-state stress conditions

Ren group: Vas step biased from -5V to beyond the critical
voltage (-22V for 125nm gate length device) in -1 step
while source and drain were grounded.
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DC Characteristic before and after stress
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e Threshold shift (from -3.6V to -3.4V)
e Leakage current increases by 3 orders(from 10-% A to 10> A)
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Channel Noise Measurement Setup

Keep V4=100mV during the measurement. V , bias ranges
from -3.4V to -1V.
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Channel Noise Of Virgin Device

Normalized Drain noise
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e Lorentzian observed at 10Hz.

* No GR noise component at higher gate bias indicating that
the GaN buffer trap is in the gated part of the channel.

UF [FLORIDA |

The Foundation for The Gator Nation Englneenng A 21* Century Approach to Reliability




Channel Noise Of Stressed Device
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e Additional Lorentzian was observed around 3kHz.
e Characteristic f varying with Vg indicating trap is in the
AlGaN side at the channel interface.

 The bump at I0Hz becomes smooth indicating the increase
on the overall channel noise level.
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1/f Noise Model Of Channel Noise
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Channel Noise Source Of Stressed Device
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Case II (RS +RD) > RCH9SRCH > (SRS +SRD)
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Where, R, =R;+R,,S; =S, +S;
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Channel Noise Source Of Stressed Device

Case III:  Rey > (Rg +Rp),(Si +Sp ) > Sk
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Where, R, =R;+R,,S; =S, +S

Noise information of the channel should be extracted from
the first two points.

UF [FLORIDA | 13

The Foundation for The Gator Nation Englneenng A 21% Century Approach to Reliability D




Hooge Parameter On Channel

At first two point, R., >(Rg+R,),S; >(S, +S; )

SID SRCH a
]12; = RéH = Nc(jf Where, N .y = C 1o (Vs =V7)

Hooge parameter (ay;) changed from ~ 10-3 (virgin device) to
~ 10! (stressed device).

Compared with Silicon MOSFET ¢, ranging from 103 to
10-7.

N = S]d CéXWLf}/ (VGS - VT)2
f g kTI> A

Nt for stressed device is about 10?cm>.eV-1. Typical value
for Si MOSFET is in the range of 1017~10'8¢cm™>.eV-!
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Gate Noise Measurement Setup

Source and drain were grounded.
Gate biased from -3.5V (threshold) to -1V.
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Gate Noise Characteristics
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* S, Increase with I.

e Unstable Lorentzian with different characteristic
frequencies were observed.
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Gate Noise Parameter
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* GNP after stress is around10-13 cm?. (For [;~10°A)

e Typical value of GNP for Silicon MOSFET is around
10-19cm?
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Conclusions

e Degradation happened in both channel and gate stack after
off-state  stress beyond critical voltage. (Channel
degradation was observed for the first time)

* Trap in AlGaN close to interface was generated.

e Q. increased by two decades from 103 to 10-! indicating
important degradation inside the channel.

e RTS in the gate noise was observed on oscilloscope
indicating unstable defects in the gate stack..

* Significant increase on I; shows evidence of degradation
inside the gate stack. And GNP of stressed AFRL device 1s
about 10-13 cm?, comparing to 1071 cm? of Si MOSFET.
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